In a previous publication (1) the details of a series of experiments on seven patients suffering from hyperthyroidism, two of whom had an associated hypoparathyroidism, were given. The following conclusions were drawn: The present study presents further evidence that in hyperthyroidism the state of the calcium and phosphorus balance is independent of the amount of circulating thyroxin and demonstrates that several months subsequent to radiation of the hyperplastic thyroid gland the calcium and phosphorus balance becomes positive though the clinical and laboratory evidences of hyperthyroidism are still present.
(Received for publication October 2, 1937) In a previous publication (1) the details of a series of experiments on seven patients suffering from hyperthyroidism, two of whom had an associated hypoparathyroidism, were given. The following conclusions were drawn:
Seven patients suffering from hyperthyroidism have been carefully studied. An analysis of their experimental data provides definite evidence in favour of an associated hyperparathyroidism being the direct cause of the excessive mobilization and excretion of calcium and phosphorus.
Two patients suffering from hyperthyroidism with an associated hypoparathyroidism were studied. Both patients were in calcium and phosphorus equilibrium.
Though hyperthyroidism is frequently accompanied by a negative calcium and phosphorus balance, it is not invariably so. It is possible for calcium and phosphorus equilibrium or a positive calcium and phosphorus balance to be present.
Hyperthyroidism per se his no specific effect on calcium and phosphorus metabolism.
The present study presents further evidence that in hyperthyroidism the state of the calcium and phosphorus balance is independent of the amount of circulating thyroxin and demonstrates that several months subsequent to radiation of the hyperplastic thyroid gland the calcium and phosphorus balance becomes positive though the clinical and laboratory evidences of hyperthyroidism are still present.
This study was primarily undertaken with three objectives: (1) To see if the information obtained by estimating the calcium and phosphorus balance for one period of four days would be of value in the treatment of hyperthyroidism. I (2) To try to correlate the signs and symptoms of hyperthyroidism with the state of calcium and phosphorus balance; it was thought that the degree of so-called " sympatheticotonia " present in any individual case may be proportional to the negative calcium and phosphorus balance. (3) To ascertain the calcium and phosphorus balance at various periods after radiation of the hyperplastic thyroid gland.
The practical value of estimating the calcium and phosphorus balance for a period of four days The same experimental diet was employed as that used formerly (1) . In this diet the same articles are used for each patient and the amounts of each article of the diet are increased or decreased proportionally; in this way a constant calorie-nitrogen-calcium-phosphorus ratio is maintained. The caloric requirements of each patient are ascertained from the basal metabolic rate and from the appetite of the patient, and a preliminary four days are used to stabilize the patient on the diet before the actual period begins. A 2500-calorie diet contained approximately 60 grams of nitrogen, approximately 0.45 gram of calcium and approximately 0.88 gram of phosphorus. A 3000-calorie diet contained six-fifths of these amounts, a 2000-calorie diet four-fifths, etc. The amounts of calcium and phosphorus actually present were estimated for each period. The nitrogen content was taken as the average of a large number of periods of the previous study. It is known that fluctuations in the calcium and phosphorus balance may be considerable in consecutive periods, but the fluctuations are not so great that a patient would have a gross negative balance in one period and be in calcium and phophorus equilibrium in another. From our results we consider that 543
for clinical purposes where a large number of patients are to be studied one period may be considered adequate to give a fair idea of the state of the calcium and phosphorus balance, provided the patient is in nitrogen equilibrium.
The correlation of the state of the calcium and phosphorus balance with the signs and symptoms of the individual patient The attempt to give quantitative values to signs such as exophthalmos, tremor, hypotonus and degree of nervous instability, by using plus and minus signs, was unsuccessful. Each patient was examined independently by three physicians of the Senior Honorary Medical Staff, but the physical signs of the patients were not constant. Factors influencing the state of the patient were: (1) Time of day the examination was made. In general the patients were much more composed in the morning than at the end of the day, but it was not practicable to have the examinations always at a standard time. (2) Cases I and II were in definite negative calcium and phosphorus balance. Both were subsequently operated on, and the histology of the tumors removed showed diffuse hyperplasia. Case III was in slight negative calcium balance but in positive phosphorus balance. Case IV was approximately in calcium and phosphorus equilibrium. Case V was in definite negative calcium balance and in approximate phosphorus equilibrium. This patient had an extremely large goiter. It consisted of multiple adenomata, some of which showed definite hyperplasia. Soon after the experimental period the patient died. The postmortem findings of the thyroid are shown in the protocol. The size of the tumor can be judged from its weight (590 grams).
The basal metabolism of the patients in this group at the time of the examination ranged from + 16 to + 60 per cent, but there was no relationship between the level of the basal metabolism and the state of the calcium and phosphorus balance. This can be seen by referring to Figure 1 , in which the basal metabolic rate and the calcium balance are shown. Group 2. Patients examined while on iodine therapy (6 cases) Of these, Cases I, II, III, and V were in definite negative calcium and phosphorus balance. Case IV was in slight negative calcium and phosphorus balance. Case VI was practically in calcium and phosphorus equilibrium. Case III showed a typical hyperplastic thyroid histologically, while the tissue removed at operation in Cases V and VI had multiple adenomata associated with hyperplasia (histologically) of the adenomatous tissue. In this group also there was no relationship between the level of the basal metabolism at the time of the experimental period and the extent of the negative calcium balance (see Figure 2 ). In Case IV the iodine was suspended at the beginning of the experimental period. In all the other cases it was given throughout the period.
In Groups 1 and 2 there were three cases of multiple adenomata (confirmed histologically), two of which (Case V, Group 1, and Case V, Group 2) had a definite negative calcium balance, while Case VI, Group were subsequently operated on. Cases VII and VIII had definite hyperplasia histologically. Case X was a doubtful lymphadenoid goiter. A study of Figure 3 will show the total lack of relationship between a raised metabolism in hyperthyroidism and mobilization of bone salt as evidenced by the state of the calcium and phosphorus balance.
Of the twelve cases only one had a negative calcium balance, and this case was having the first course of radiation at the time of the experimental period.
The result of the studies on calcium and phosphorus balance on these cases indicates that thyroxin cannot be the cause of the mobilization of bone salt in hyperthyroidism.
Group 4. Patients studied before and after radiation of the thyroid (4 cases) Cases I and II were in definite negative calcium and phosphorus balance before and definite positive calcium and phosphorus balance after radiation. Case III was in positive calcium and phosphorus balance before but in negative calcium and phosphorus balance after two courses of deep radiation. This patient was subsequently operated on, but within six months of operation had another course of deep radiation because of a recurrence of the hyperthyroidism. On the evidence of the clinical condition and the basal metabolism, the x-ray seemed to stimulate the whole thyroparathyroid apparatus in this patient.
The fourth case was aged 14. She was in gross negative calcium and phosphorus balance before x-ray and was still in definite negative calcium and phosphorus balance after x-ray, but as only two months had elapsed since the radiation it was probably too early to get the final effect of the rays on the parathyroid glands.
Nitrogen balance in the material studied We endeavored to have each patient in nitrogen equilibrium but were not always successful; this is the most serious objection to using a single four-day period experiment. If such a means of investigation should become a routine, larger nitrogen intakes are essential. In our material, out of thirty-four periods there was positive nitrogen balance or equilibrium (less than -1.0 gram per day) in twenty cases and a loss of 2 grams or less a day in eight cases. The greatest loss was in the 14-year-old patient, who lost 5 grams of nitrogen a day. There can be little doubt that a definite negative nitrogen balance disturbs calcium metabolism and introduces complications into the interpretation of the results. However, in the present study if we excluded from our data all the patients who had a negative nitrogen balance greater than 2 grams a day-Group 1, Case I; Group 2, Case II; Group 3, Case IX (two periods out of five); Group 4, Cases II and IV-the general tenor of the results would in no wise be affected.
DISCUSSION
There is in general a negative calcium and phosphorus balance in untreated hyperthyroidism. The negative calcium balance, however, is not invariable, and its extent bears no relationship to the amount of circulating thyroxin as measured by the level of the basal metabolism. The administration of iodine, provided it does not bring the metabolism to normal, has no apparent influence on the state of the calcium and phosphorus balance. Therapeutic radiation (deep or superficial) to the neck determines in the majority of cases a profound change in the calcium and phosphorus metabolism; two to three months after irradiation the calcium and phosphorus balance tends to become positive irrespective of the level of the basal metabolism at the time the balances are estimated. In the series of patients presented in this paper the calcium and phosphorus balances were positive in twelve out of fifteen patients. The experiments were conducted two or more months after irradiation and at the time the basal metabolism was definitely raised in each case.
The most probable explanation of the negative calcium and phosphorus balance in untreated hyperthyroidism and the shift towards a positive balance in cases who have received radiation is that in hyperthyroidism the parathyroid glands undergo varying degrees of hyperplasia and that radiation has a more profound effect on hyperplastic parathyroid tissue than on hyperplastic thyroid tissue. Another possible explanation is that the thyroid gland secretes a second hormone and that the cells responsible for its production are more radio-sensitive than the acinar cells that produce thyroxin. tinued tetany, lends substantial support to the belief that the increased excretion in hyperthyroidism is not due to a concomitant overactivity of the parathyroid glands."
There is an obvious increase in the calcium and phosphorus excretion in Cope and Donaldson's patient when the basal metabolism was raised, but there are possibilities to be considered other than that this increased excretion of calcium was due to a mobilization of calcium resulting from the " specific effect of the thyroxin circulating in excess " (3) . Firstly, the diet being practically the same as that given when the basal metabolism was low led to an increased negative nitrogen balance, and a consequent large mobilization of phosphorus to which Cope and Donaldson refer; the increased acidity of the organism thereby determined would affect calcium metabolism. The degree of tetany was not the same on the two occasions; during the experi- mental period when the basal metabolism was low there was active tetany, during the period when the basal metabolism was raised the tetany was practically absent.
The results of the experiments on this patient are equivocal; they may denote a specific effect of the increased circulation of thyroxin on bone salt, as Cope and Donaldson interpret them, or the results may be simply an expression of the summation of three other factors, undernutrition, acidosis, and increased activity of the parathyroid glands, each of which of themselves are conducive to calcium loss.
When the results obtained in the present study are considered, the same ambiguity does not arise.
Here we have a range of calcium balances from -3.1 grams of calcium per four-day period to + 2.65 grams per four-day period, with an excess of circulating thyroxin in each of the thirtyfive experimental periods. The results of all the observations are charted in Figure 5 . Statistically8 there is no correlation between the level of the basal metabolism and the state of the calcium balance. The evidence is complete that thyroxin per se has no effect on calcium catabolism. The results do not prove that variation in parathyroid function is the true explanation of the observed phenomenon, but in the present state of our knowledge it is the most logical thesis. 2. There is no relationship between the level of the basal metabolism and the amount of calcium and phosphorus excretion.
3. The oral administration of Lugol's iodine has no specific effect on calcium and phosphorus metabolism. 4 . Irradiation of the thyroid region, in hyperthyroidism leads to profound changes in calcium and phosphorus metabolism. In the majority of patients calcium and phosphorus equilibrium or a positive calcium and phosphorus balance occurs two months or more after the irradiation.
5. The change in calcium and phosphorus balance that follows irradiation of the thyroid region is independent of the activity of the thyroxinproducing mechanism.
6. The most likely explanation of the changes in calcium and phosphorus metabolism in hyperthyroidism and of the effect of irradiation is that in hyperthyroidism there is an associated hyperparathyroidism and that the hyperplastic parathyroid glands are radio-sensitive. 
